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1 |  INTRODUCTION
Due to the labour cost associated with shearing and consid-
erable variability in wool prices, there has been interest in 
developing low‐input breeds (or breed types) of sheep that 
do not require shearing yet still express other economically 
important attributes. Hair breeds that naturally shed (moult) 
their wool annually have therefore been integrated into 
crossbred populations (Allain, Pena, Foulquie, Bourdillon, 
& François, 2014; Matika, Bishop, Pong‐Wong, Riggio, & 
Headon, 2013; Vargas Jurado, Leymaster, Kuehn, & Lewis, 
2016). Wool shedding (WS), however, is a relatively novel 
trait, and the genetic factors affecting the extent of WS are not 
entirely known (Matika et al., 2013; Pollott, 2011).
Contrary to some traits that are measured once in the life 
of an individual (e.g., birth, weaning and yearling weight), 
the ability of an animal to shed its wool can be measured 
repeatedly throughout its life. This is especially true for ewes 
retained as breeding animals in a flock. In selection programs 
with a goal of increased shedding, an important consideration 
is whether a ewe's WS as an adult can be reliably predicted 
from a record obtained as a lamb. While it would be reason-
able to assume that WS in lambs and adults may be different 
traits, a high genetic correlation between lamb WS and WS as 
two‐year‐olds has been reported in a flock of Easycare sheep 
(Pollott, 2011). Still, because of the diverse breed make‐up of 
these composite populations, it is important to determine the 
strength of these genetic relationships in other populations.
Although in some cases WS can be defined as a continuous 
trait (e.g., the percentage of body area not covered by wool), 
in practice, the extent to which an animal sheds its wool is 
usually assessed on an ordinal scale. The number of ordered 
categories into which WS is classified in the literature is vari-
able and ranges from 5 (Pollott, 2011) to 10 (Matika et al., 
Received: 28 June 2019 | Revised: 23 September 2019 | Accepted: 2 October 2019
DOI: 10.1111/jbg.12449  
O R I G I N A L  A R T I C L E
Lamb wool shedding is a good predictor of ewe wool shedding
Napoleón Vargas Jurado1 |   Larry A. Kuehn2 |   Ronald M. Lewis1
1Department of Animal Science, University 
of Nebraska – Lincoln, Lincoln, Nebraska
2Roman L. Hruska U.S. Meat and Animal 
Research Center, Clay Center, Nebraska
Correspondence
Ronald M. Lewis, Department of Animal 






Interest in reducing labour costs due to shearing has led to development of breed 
types that shed their wool naturally. Selection at young ages can facilitate response. 
Reliability of predictions of adult from lamb wool shedding (WS) is thus key in the 
design of breeding programmes to increase shedding. Our objectives were to esti-
mate heritabilities and genetic relationships between WS measured once in lambs 
and repeatedly in ewes and to assess the accuracy of lamb WS EBV to predict ewe 
WS EBV based on a multi‐trait threshold or a repeatability model. Data were 4,971 
lamb and 3,335 ewe WS records on a Romanov, White Dorper and Katahdin com-
posite flock. For the multivariate model, WS heritability ranged from 0.47 ± 0.03 in 
lambs to 0.59 ± 0.04 at 1 year of age. For the repeatability model, WS in adult ewes 
was moderately heritable (0.50 ± 0.03) and repeatable (0.60 ± 0.02). Genetic cor-
relations were 0.72 ± 0.04, 0.65 ± 0.05, 0.50 ± 0.09 and 0.51 ± 0.09 between lamb 
WS and 1st through 4th record, respectively. Given the moderately high heritability 
and high correlations between WS performance in lambs and ewes, selecting animals 
early in life would effectively increase WS in crossbred flocks.
K E Y W O R D S
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2013). With ordinal scales, normality cannot always be as-
sumed (or guaranteed), and thus, the use of threshold (probit) 
models is necessary to estimate breeding values and variance 
components (Sorensen, Andersen, Gianola, & Korsgaard, 
1995; Sorensen & Gianola, 2002).
In practice, WS may be recorded at various ages (yearly), 
and thus, multiple EBV may be available for adult WS. When 
selecting individuals, a single EBV aggregating all information 
on an animal is often preferable. Several approaches to obtain 
such an estimate may be used including averaging multiple 
adult WS EBV or fitting a repeatability model. It is important 
then to determine if adult WS EBV, regardless of how obtained, 
are consistently predicted by lamb WS EBV. The objectives of 
this study were as follows: (a) to estimate heritability of WS in 
lambs and in ewes at various ages; (b) to determine the genetic 
relationships between WS measured once in lambs and annu-
ally in ewes; and (c) to assess the accuracy of lamb WS EBV to 
predict ewe WS EBV when fitting either a multi‐trait threshold 
or a repeated measurement (repeatability) model.
2 |  MATERIALS AND METHODS
Data for this study were obtained from a composite mater-
nal line developed at the Roman L. Hruska United States 
Meat and Animal Research Center (USMARC, Clay Center, 
Nebraska). Animals were raised in accordance with the 
Guide for the Care and Use of Agricultural Animals in 
Agricultural Research and Teaching (Federation of Animal 
Science Societies, 2010), and their care was approved by the 
USMARC Animal Care and Use Committees.
2.1 | Composite population
A crossbred flock was composed of five lines: 1/2 
Katahdin–1/2 Romanov crosses (F1), 1/2 White Dorper–1/2 
Romanov crosses (F1 and F2) and 1/2 Romanov–1/4 
Katahdin–1/4 White Dorper crossbreds (F1 and F2). 
Development of the line started in 2006 and focused mainly 
on polled individuals with short tails, increased WS, and the 
ability to rear twin (or triplet) lambs. Ewes with a propensity 
to shed and that produced and reared larger litters were fa-
voured for breeding. They were lambed on pasture. Lambs 
were moved to group‐feeding pens after weaning. A more de-
tailed description of the composite population can be found 
in Vargas Jurado et al. (2016).
2.2 | Wool shedding data
Performance data were collected from 2007 to 2011 and in-
cluded a single lamb wool shedding (WSL) record on 4,971 
animals as well as up to four ewe WS records (WS1, WS2, 
WS3 and WS4) collected on 1,313 individual animals. Those 
1,313 ewes produced a total of 2,851 repeated records. Lambs 
were on average 170 (SD 12.0) d of age at scoring, while 
ewes were on average 473 (SD 25.0) d at WS1, 844 (SD 34.6) 
d at WS2, 1,215 (SD 33.5) d at WS3, and 1,574 (SD 34.0) d 
at WS4. The WS1, WS2, WS3 and W4 therefore coincided 
approximately with ewes that were 1, 2, 3 and 4 years old, re-
spectively. WS was assessed using a 9‐point scoring system, 
from 0 to 8, where 0 and 1 represented animals with less than 
25% of wool coverage, 2 to 6 represented animals between 
25% and 75% of wool coverage and 7 and 8 represented ani-
mals with more than 75% of wool coverage (Vargas Jurado 
et al., 2016).
Boxplots and summary statistics including mean, SD 
and number of observations for each trait are presented on 
Figure 1.
While lamb records included both male and female WS 
scores, adult records were available only for ewes. A histo-
gram showing the distribution of WS categories in lambs and 
adults is presented in Figure 2.
F I G U R E  1  Boxplots and summary 
statistics for lamb wool shedding (WSL, 
recorded at 170 [SD 12.0] d of age) and 4 
ewe wool shedding records (WS1 recorded 
at 473 [SD 25.0] d of age, WS2 recorded at 
844 [SD 34.6] d of age, WS3 recorded at 
1,215 [SD 33.5] d of age and WS4 recorded 
at 1,574 [SD 34.0] d of age). Grey circles 
show individual records
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With the extremely skewed and unbalanced distribution 
of the WS data (many observations located at the 0 and 8 
categories, respectively), a threshold model was used for their 
analysis (Sorensen & Gianola, 2002).
2.3 | Estimating breeding values and 
variance components
2.3.1 | Multivariate model
Due to the (ordered) categorical nature of WS scores a mul-
tivariate threshold model was fitted (Korsgaard et al., 2003; 
Sorensen & Gianola, 2002). Briefly, elements of the response 
vector yij took values in one of K =9 ordered WS categories, 
where j=1,… ,5 which corresponded to WSL, WS1, WS2, 
WS3 and WS4, and i=1,… ,nj was the index for the observa-
tions in the jth trait. The model then took the form.
where k=1,… ,K denoted the index of categories,  (⋅) de-
noted the standard Normal cumulative distribution function, 
ij was the linear predictor for the ith observation in the jth 
trait and βj and aj represented the vectors of fixed and ran-
dom (animal) effects for the jth trait, respectively. In addi-
tion, xij and zij were incidence vectors associated with the 
fixed and random effects, respectively. Finally, 2
ej
 was the 
residual variance for the jth trait, and τj was the vector of 
unknown threshold (or cutpoint) parameters for the jth trait. 
By introducing a latent variable uij model (1) could be ex-
pressed as:
where II (⋅) was an indicator function (Sorensen & Gianola, 
2002).
For WSL the fixed effects were sex, age of dam (six lev-
els), and born and reared category. The birth and rearing cat-
egories were defined as 1 if a lamb was born as a single and 
raised as a single, 2 if a lamb was born as a twin but raised as 
a single, 3 if a lamb was born as a triplet but raised as a single, 
4 if a lamb was born and raised as a twin, 5 if a lamb was born 
as a triplet but raised as a twin and 6 if a lamb was born and 
raised as a triplet. Finally, contemporary group was defined 
as the combination of genetic line by year (15 levels). Every 
genetic line did not occur in all years. For adult WS traits, 
fixed effects were born and rearing category (in the ewe's 
parity) and contemporary group. Model validation (signifi-
cance of effects) was done by fitting a cumulative link mixed 
model using the ordinal package (Christensen, 2018) and per-
forming an analysis of deviance using the RVAideMemoire 
package (Hervé, 2018) in R (R Core Team, 2018).
Lastly, it was assumed that random (animal) effects were 




















































































F I G U R E  2  Distribution of wool 
shedding categories for one lamb wool 
shedding record (WSL, recorded at 170 [SD 
12.0] d of age) and 4 ewe wool shedding 
records (WS1 recorded at 473 [SD 25.0] d 
of age, WS2 recorded at 844 [SD 34.6] d of 
age, WS3 recorded at 1,215 [SD 33.5] d of 
age and WS4 recorded at 1,574 [SD 34.0] d 
of age)
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 were the additive genetic vari-
ances for the lamb and four adult traits, respectively, and 
aWSL,WS1
, … ,aWS3,WS4 were the additive genetic covariances 
among lamb and adult traits. In addition, A was the numera-
tor relationship matrix, and lastly, aWSL,aWS1, … ,aWS4 repre-
sented the additive genetic effects for the lamb trait (aWSL) 
and four adult traits (aWS1, … ,aWS4), respectively.
2.3.2 | Bivariate repeatability model
A drawback of the multivariate model where adult meas-
urements at different ages are considered separate but 
correlated traits is that substantially more (co)variance pa-
rameters need to be estimated. An alternative could be to 
consider all adult traits as repeated measurements of the 
same (adult) trait. The lamb and a single repeatedly meas-
ured adult trait therefore also were analysed using a bi-
variate threshold model. The linear predictor for WSL was 
similar to that in (2). Since adult WS was repeatedly meas-
ured it also included a vector of permanent environmental 
effects (pe) so that the linear predictor for the ith observa-





pe, where wi was an inci-
dence vector associated with the permanent environmental 
effect. Fixed effects for the repeatability model were the 
same as in the multivariate model but also included the 
ewe's own age (in years). It was further assumed that:
where aWSL and aWSA denoted the lamb and adult animal (ad-
ditive genetic) effects, respectively. Finally, the G matrix con-




) and covariance (aWSA,WSL
) between lamb and adult WS, and 2
PE
 was the permanent 
environmental variance.
All models (multivariate and repeatability) were fitted 
using DMU (Madsen, Jensen, Labouriau, Christensen, & 
Sahana, 2014). A single chain of 55,000 iterations was run 
with the first 5,000 iterations discarded (burn‐in samples) 
and a thinning interval of five, for a total of 10,000 samples 
for posterior inference. Convergence was examined using 
traceplots, and the Raftery–Lewis and Geweke diagnostics 
using the coda (Plummer, Best, Cowles, & Vines, 2006) 
package in R.
2.4 | Predicting adult performance based on 
lamb records
Of particular interest in this study was assessing whether 
lamb WS performance could reliably predict adult WS per-
formance. However, when considering adult (ewe) WS re-
cords as separate but correlated traits, there were up to four 
observations available on an individual ewe. Since in practice 
a single EBV for adult WS typically would be desired, adult 
WS EBV were averaged (AEBV). On the other hand, a single 
adult WS EBV was obtained when fitting the repeatability 
model (REBV), which simplified matters. An alternative ap-
proach might be to predict WS EBV at approximately 1 year 
of age (EBV1, 473 (SD 25.0) d of age) as a proxy for adult 
shedding based on lamb WS EBV; the efficacy of such a pre-
diction therefore also was considered.
To determine which of these methods may be more accu-
rate, animals were ranked based on their lamb EBV and also 
(separately) based on their AEBV, REBV and EBV1. The pro-
portion of individuals located in the bottom 5%, 10%, 20%, 
30%, 40% and 50% for both the lamb WS EBV and an adult 
EBV (defined as AEBV, REBV or EBV1) was calculated. 
The reason for choosing the bottom jth% (instead of the top) 
was because lower WS scores were associated with increased 
shedding and thus desirable. Those animals common to both 
the lamb and a given adult WS EBV (based on multivariate, 
repeatability or yearling analysis) were defined as three sets 
for each of the proportions selected. The intersection of indi-
viduals between each pair of these sets was then calculated 
for each proportion as a further comparison. The regression 
of adult WS EBV on lamb WS EBV also was calculated. 
Furthermore, Spearman's rank correlation and Kendall's  
were calculated between lamb WS EBV and adult WS EBV.
3 |  RESULTS AND DISCUSSION
Sex, rearing type (number born and reared), age of dam and 
contemporary group all affected WS (P<0.001, P<0.001, 
P=0.002, and P=0.012, respectively). Ewe lambs tended to 
shed more (mean WS score 5.35±0.08) than ram lambs (mean 
WS score 5.72±0.08). In other crossbred populations, sex 
only appeared to have a slight effect on WS (Pollott, 2011). 
However, O'Connell, Scobie, Hickey, Sumner, and Pearson 
(2012) reported an effect of sex and selection line (similar 
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yearling Wiltshire Horn sheep, which was not observed in 
lamb fleece shedding. The number of lambs born and reared 
also had an effect on WS (P<0.001) while age did not 
(P=0.99), which may be due to the variability in WS (Figure 
1). Ewes not rearing lambs shed less (mean WS 2.61 ± 0.19) 
than those ewes carrying two lambs but that reared a single 
lamb (mean WS 2.28 ± 0.11) or that carried and reared a sin-
gle lamb (mean WS 2.32 ± 0.09). There were no differences 
(P>0.32) with contrasts among the other birth‐rearing cat-
egories. This was likely due to the lower number of ewes that 
produced and reared larger litters, resulting in less reliable 
estimates. For the repeatedly measured adult trait, contempo-
rary group did have an effect on WS (p < .001).
Lines differed in their extent of WS (Table 1). Most im-
portantly the F2 1/4 White Dorper 1/4 Katahdin and 1/2 
Romanov shed the most (mean WS 4.66 ± 0.18), which per-
haps reflected changes due to phenotypic selection, while the 
F1 1/2 White Dorper 1/2 Romanov shed the least (mean WS 
6.50 ± 0.29). With the Katahdin and White Dorper founda-
tion to the crossbred flock, it was presumed most animals 
would express a propensity to shed, as these breeds are hy-
pothesized to carry a dominant shedding allele (Pollott, 
2011). The presence of a dominant allele was not tested in 
this flock. Even though some animals within each line failed 
to shed, their performance would still be consistent with a 
dominant mode of inheritance.
For WSL approximately 0.18 of the observations corre-
sponded to WS scores of 0 and 1, while 0.62 corresponded 
to WS of 7 or 8. On the other hand, the proportion of 
ewes with WS scores of 0 and 1 increased to 0.45, and the 
proportion of ewes with WS scores of 7 and 8 decreased 
to 0.13. In the Romane breed (Allain, Pena, Foulquié, 
Bourdillon, & François, 2011), mean fleece shedding rate 
was 0.17 (implying that on average around 17% of the body 
was not covered by wool), and approximately 0.42 of adult 
ewes shed their fleece partially. The same tendency was 
observed as age increased, and thus, overall mean WS de-
creased from a mean of 5.60 in lambs to a mean of 0.58 at 
3 years of age (Figure 1). A similar trend was observed in 
the Romane breed (Allain et al., 2014) where both the abil-
ity of shedding (defined as the percentage of animals that 
partly shed their fleece) and the extent of shedding (de-
fined as the ratio of shed area to total body area) increased 
from 42.7% and 6.0%, respectively, in lambs to 52.4% and 
17.2%, respectively, at 3 years of age. A slight decrease was 
observed in both ability and extent of shedding at 4 years of 
age. This decrease in WS at higher ages in our, and perhaps 
the Allain et al. (2014), study may reflect the smaller num-
ber of records available at this age. Pollott (2011) also re-
ported a small increase in WS with age in Easycare sheep, 
from a mean of 2.6 in lambs to 3.5 at 3 years of age and 
older; in Pollott (2011), the higher scores were associated 
with increased shedding.
3.1 | Variance component estimation
3.1.1 | Multivariate model
In general, estimates of heritability for WS were relatively 
consistent across ages, ranging from 0.47±0.03 for WS in 
lambs to 0.59±0.04 for WS at 1 year of age (Table 2). Pollott 
(2011) reported a heritability of shedding scores of 0.45±0.11 
and 0.26±0.06 in Easycare lambs and older animals, respec-
tively. Similarly, although higher than those reported by 
Pollott (2011), WS heritability was 0.73±0.11 in Romane 
ewe lambs and 0.69±0.05 in Romane adults (Allain et al., 
2014). It is important to note that Allain et al. (2014) used a 
threshold model, while Pollott (2011) assumed a linear mixed 
model (Gaussian). Similar estimates of WS heritability were 
also reported by Matika et al. (2013) ranging from 0.65±0.08
, when WS was considered a binary trait, to 0.80±0.08, when 
considered a continuous trait. It appears that regardless of the 
genetic make‐up of the (crossbred) population, a substantial 
fraction of WS variability can be exploited for genetic selec-
tion and improvement.
Genetic correlations among traits ranged from 0.42±0.10 
between WS at 3 and 4 years of age to 0.72±0.04 between 
WSL and at 1  year of age (Table 2). On the other hand, 
Pollott (2011) and Allain et al. (2014) reported higher genetic 
correlations of 0.86±0.09 and 0.94±0.08, respectively, be-
tween WS in lambs and older animals. Still, such relationship 
among traits would imply that WS in lambs is a reasonably 
good predictor of WS at 1 year of age.
3.1.2 | Bivariate repeatability model
Variance components from the repeatability model are pro-
vided in Table 3. As mentioned earlier, using a repeatability 
Line Mean WS SE
F1 1/2 Katahdin 1/2 Romanov 4.81 0.33
F1 1/2 White Dorper 1/2 Romanov 6.50 0.29
F2 1/2 White Dorper 1/2 Romanov 5.14 0.20
F1 1/4 White Dorper 1/2 Romanov 1/4Katahdin 5.38 0.18
F2 1/4 White Dorper 1/2 Romanov 1/4 Katahdin 4.66 0.18
T A B L E  1  Mean wool shedding (WS) 
(estimated marginal means) and SE for 
genetic line in the crossbred flock
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model has the advantage of resulting in considerably fewer 
parameters to be estimated. Here, it amounts to estimating 
the values of four (co)variances, resulting in two heritabili-
ties and a repeatability; in the multivariate model, there were 
15 (co)variances to estimate with five heritabilities.
Heritability estimates were 0.51±0.03 for lambs and 
0.50±0.03 for and adult WS score. Consistent estimates of 
WS heritability therefore can be obtained regardless of the 
model used. The genetic correlation between lamb and ewe 
WS was similar, although slightly higher, in the repeatability 
model (0.77±0.03) as compared to the genetic correlation 
between lamb WS and WS at one year of age in the multi-
variate model (0.72±0.04). Again, there appears to be con-
sistency among estimates of genetic correlations irrespective 
of the model used.
The repeatability of WS was 0.60±0.02, which was 
lower than the value of 0.77±0.01 reported by O'Connell 
et al. (2012) in a New Zealand Wiltshire Horn sheep flock. 





Lamb 1st adult 2nd adult 3rd adult 4th adult
0.197 (0.018) 0.082 (0.009) 0.061 (0.008) 0.074 (0.012) 0.062 
(0.012)
Lamb 0.47 (0.034)        
1st adult 0.72 (0.038) 0.59 (0.042)      
2nd adult 0.65 (0.050) 0.68 (0.048) 0.53 (0.049)    
3rd adult 0.50 (0.087) 0.56 (0.076) 0.49 (0.082) 0.48 (0.058)  
4th adult 0.51 (0.091) 0.52 (0.090) 0.50 (0.091) 0.42 (0.101) 0.51 (0.067)
aLamb wool shedding recorded at 170 (SD 12.0) d of age; 1st adult wool shedding trait recorded at 473 (SD 
25.0) d of age; 2nd adult wool shedding trait recorded at 844 (SD 34.6) d of age; 3rd adult wool shedding trait 
recorded at 1,215 (SD 33.5) d of age; and 4th wool shedding trait recorded at 1,574 (SD 34.0) d of age. 
T A B L E  2  Estimates (posterior means) 
of additive genetic variance, heritability 
(diagonal) and genetic correlation (below 
diagonal) for lamb and four adult wool 
shedding measurements. Posterior SD in 
parenthesis
T A B L E  3  Posterior mean and SD for estimates of variance, 
heritability, genetic correlations between lamb and adult wool 


































L was lamb wool shedding additive genetic variance, 2
a
A
 was adult wool 
shedding additive genetic variance, 
a
A,L
 denotes lamb and adult wool shedding 
additive genetic covariance, 2
PE
 was the permanent environmental variance, h2
L
 
was lamb wool shedding heritability, h2
A
 was adult wool shedding heritability, r2
A
 
was the repeatability of adult wool shedding and 
A,L
 was the genetic correlation 
between lamb and adult wool shedding. 
F I G U R E  3  Proportion of animals (a) in the bottom 5%, 10%, 20%, 30%, 40% and 50% of both lamb and ewe WS EBV defined as (i) the 
average EBV of four adult WS EBV from a multivariate model, (ii) yearling WS EBV or (iii) repeatability model WS EBV; (b) in the bottom 5%, 
10%, 20%, 30%, 40% and 50% selected by one pair of methods (e.g., lamb and multivariate model WS EBV) that would also be selected by a pair 
of the remaining methods (e.g., lamb and yearling WS EBV)
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small role, accounting for approximately a 10 per cent of the 
variation in WS. Still, the substantial repeatability of the trait 
suggests that selection based on one or two measures would 
be effective.
3.2 | Predicting adult performance based on 
lamb performance
The proportion of animals in the bottom jth % in both lamb 
and adult WS EBV was moderately high and ranged from 
0.53 for EBV1 (yearling) for the bottom 5% to 0.90 for 
REBV (repeated) for the bottom 50% (Figure 3a). If animals 
were to be selected at the highest intensity (bottom 5%) ap-
proximately 63% (or 66%) of the same animals would be in 
the selected set for the multivariate (or repeatability) model.
There was a moderately high agreement in the proportion 
of animals selected by one set of methods as in another set 
of methods (Figure 3b), which increased with the percentage 
of animals retained. Also, Spearman's rank correlation and 
Kendall's  correlation coefficients between lamb and ewe 
WS EBV were high (Table 4).
From Table 4, the repeatability model provided the most ac-
curate prediction of adult WS EBV based on lamb performance 
with the Spearman correlation coefficient of 0.93±0.003 and 
a Kendall's τ correlation of 0.78±0.01; the respective values 
for the multivariate analyses were 0.92±0.004 and 0.75±0.01
. Clearly, both approaches provided accurate and similar pre-
dictions. Still, the confidence intervals of these correlation es-
timates did not overlap. Also, based on the regression of adult 
on lamb WS EBV, the repeatability model provided a slightly 
better fit (larger R2; Figure 4).
While results from genetic multivariate analyses (beyond 
lamb and yearlings) have not been presented previously in 
the literature (to the best of our knowledge), Pollott (2011) 
reported a phenotypic correlation between WS measured in 
lambs and as older animals of 0.51±0.04, which decreased 
between shedding scores at successive older ages. O'Connell 
et al. (2012) reported a phenotypic correlation of 0.78±0.01 
between WS scored in December and January. The genetic 
correlation of WS between those two events was 0.99±0.01
, which seems reasonable given that these shedding events 
were within a month time span. The genetic relationships 
between WS at different ages in our study were strong 
(>0.42), particularly when shedding events were separated 
by one year. This again substantiates that WS performance 
in lambs is a good indicator of performance in ewes.
T A B L E  4  Estimates of Spearman's rank correlation and 
Kendall's τ between lamb and adult wool shedding (WS) EBV
Adult WS EBVa Method Estimate C.I.b
Multivariate Spearman 0.916 (0.912, 0.920)
Kendall 0.751 (0.746, 0.757)
Repeatability Spearman 0.929 (0.926, 0.934)
Kendall 0.776 (0.771, 0.781)
Yearling Spearman 0.881 (0.876, 0.886)
Kendall 0.704 (0.697, 0.711)
aAverage EBV: average wool shedding EBV derived from a multivariate 
threshold model where ewe wool shedding EBV were considered separate but 
correlated traits; repeatability EBV: ewe wool shedding EBV obtained from a 
repeatability model; yearling EBV: wool shedding EBV at 1 year of age. 
bAsymptotic confidence interval obtained as in Bonnett and Wright (2000). 
F I G U R E  4  Linear regression of adult 
on lamb wool shedding EBV. Adult wool 
shedding was obtained as (a) averaged ewe 
EBV obtained by fitting a multivariate (four 
adult traits) model, (b) ewe EBV yearling 
(recorded at 473 (SD 25.0) d of age) or (c) 
ewe EBV obtained from a repeatability 
model of four adult WS records
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From the analyses performed, it appears that the repeatabil-
ity methodology provides a model that better described the re-
lationship between WS in lambs and WS in ewes at successive 
(older) ages. When fitting a repeatability model, it was assumed 
that the same trait was measured repeatedly. However, from 
Table 2, the correlations between successive measurements of 
WS ranged from 0.42 (± 0.10) to 0.72 (± 0.04), thereby dif-
fering from unity that suggests WS measured at different ages 
may be different traits. Although such may be the case, with 
the aim of obtaining an adult WS EBV, the repeatability model 
provided the most reliable predictions and was computation-
ally simpler. Furthermore, the categorical (ordinal) nature of 
WS, as well as less records being available for the estimation 
of (co)variances at older ages, may have contributed to lower 
estimates of genetic and phenotypic correlations.
4 |  CONCLUSION
WS appears to be moderately heritable regardless of 
whether successive WS events are characterized as sepa-
rate (but correlated) traits or repeated measurements of 
the same trait. When a repeatability model was used, WS 
was found to be moderately repeatable. When considered 
as separate traits, the genetic correlations between WS at 
different ages were moderately high. Correlations between 
lamb WS EBV and adult WS EBV, defined as AEBV EBV1 
or REBV, also were moderately high, suggesting that cull-
ing or keeping animals based on lamb performance would 
be an effective way to increase the proportion of shedding 
in the flock. Because of the moderately high heritability of 
the trait and the considerable phenotypic variation in WS, a 
substantial increase in WS could be achieved in a relatively 
short amount of time. Finally, given that using a repeatabil-
ity model resulted in greater accuracy of prediction of adult 
WS, and with less parameters to be estimated (reducing un-
certainty), it is likely the preferred approach for analysing 
WS measured in adult ewes.
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